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Summary 

The design and performance are given of four printed circuit distribution trans- 
formers and 3 dB directional coupler all for use with printed panel aerials at low-power 
u.h.f. relay stations. 



1. Introduction 

An earlier report^ has described the design of a 
vertically-polarised printed panel aerial for use at Type C 
u.h.f. relay stations, i.e. those employing solid-state trans- 
posers having peak vision powers of the order of 10 to 25W 
on each channel. At each station a number of panels will 
be used in a simple configuration to suit the service require- 
ments; Fig. 1 shows the sort of arrangement originally 
envisaged. The horizontal radiation pattern (h.r.p.) of the 
aerial is determined by two aerial panels radiating in dif- 
ferent directions and two tiers of the arrangement are used 
with two main feeders in order to give reserve facilities to 
those parts of the installation which cannot be replaced 
quickly. In this example the two panels on each tier are 
fed with equal currents by two-way distribution trans- 
formers and the main feeders are driven equally with a 
hybrid unit which has the function of diverting unwanted 
delayed signals into a resistive load.* 

It was envisaged that sometimes more complicated 
arrangements would be required, comprising three panels in 
each tier and a three-way distribution transformer was 
included in the requirements. Occasionally there would be 
a requirement for a two-way transformer which gives 
unequal feeds; a design giving a current ratio of 2 : 1 has 
also been developed and is described elsewhere. 

More recently consideration has been given to a pro- 
posal to use only one main feeder. This would mean that 
in the arrangement of Fig. 1 the hybrid unit would have to 
be given suitable protection against the weather and moved 
to the top of the main feeder. 

The tvvo-way and three-way splitter transformers are 
produced as strip lines on printed-circuit board for ease and 
cheapness of manufacture and there are Band IV and Band 
V versions of each. The hybrid unit is a 3 dB directional 

* A hybrid unit could also be used for feeding the panels on each 
tier and would be the better device since the power division is 
largely independent of the impedance of each load. However, 
hybrids tend to be more expensive and require an additional load.. 



coupler of existing design which was adapted to the present 
purpose and is mentioned here for completeness. 
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2. The printed-circuit board material 

Some consideration was given to the clioice of substrate 
for the printed-circuit boards. IVIany proprietary materials 
are available which are somewhat lossy at u.h.f. There are 
also a few specialist low-loss materials which are very 
expensive. A compromise choice was made on a siiicone- 
glass fibre laminate MG51. This is available with a nominal 
thickness of 1-5875 mm which gives reasonable dimensions 
for the commonly-used line impedances. It is also available 
in specially-selected boards with a tolerance of ±0>0635 mm; 
it is important that this be used if reasonably repeatable 
results are to be obtained. 

The board is supplied copper-clad on both sides, the 
thickness of copper being 0-0025 mm; the pattern of strip 
lines is etched on one side and the other forms the ground 
plane. Fig. 2 shows the dependence of characteristic 
impedance on strip width. There is also a slight variation 
of velocity ratio with characteristic impedance which 
results from edge effects'^ and this is shown in Fig. 3. 



3. The two-way equal-feed transformer 

The arrangement of the transformer is shown in Fig. 4. 
The electrical length of each line section is one-quarter 
wavelength at the mid-band frequency and the impedances 
are chosen to give optimal impedance matching when the 
output ports are terminated in 50 ohm loads.'' Optimal 
matching requires a characteristic impedance of 42-3 ohms 
for the line section nearest to the transmitter and 59-5 ohms 



for the other two sections. The printed-circuit board is 
mounted in an aluminium alloy tray and sealed with a 
flexible potting compound. 
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Fig. 4 ■ Construction of two-way equal-feed transformer 



Two versions of the transformer were produced to 
cover Bands IV and V respectively. Fig. 5 shows the 
reflection coefficient with respect to a 50 ohm system of 
each version as a function of frequency. 



The dissipative loss is 0-2 dB for both transformers. 
The transformers have been tested with a power of 1 BOW at 
a frequency of 750 MHz. 
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Fig. 6 - Construction of three-way equal-feed transformer 



4. The three-way equal-feed transformer 

The arrangement of the transformer is shown in Fig. 6. 
The design approach followed that of the two-way trans- 
former and the characteristic impedances were 38-0 ohms 
for the input line section and 65-8 ohms for the other 
sections. 

Two versions of the transformer were produced to 
cover Bands IV and V respectively. Fig. 7 shows for each 
version the variation of reflection coefficient with frequency 
over the appropriate band. The dissipative loss is approxi- 
mately 0-2 dB for both transformers. 
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Fig. 8 - The 3 dB directional coupler 



5. The hybrid 

This is an adaptation of an existing design of 3 dB 
coupler,* which is mentioned here for completeness. The 
connectors of the original design were changed to Type 'N' 
and the matching improved. Fig. 8 shows a photograph, of 
the unit. The input reflection coefficient, shown in Fig. 9, 
is low over Band IV and most of Band V, rising to a maxi- 
mum of about 6% in Channel 68. The two outputs remain 
equal within 13% (Fig. 10) and the directivity (Fig. 11) is 
of the order of 30 dB in Band IV falling to 20 dB at the 
upper end of Band V. 



6. Conclusions 

A number of splitter transformers and a hybrid have 
been developed for use at low-power relay stations. These 
should enable simple arrangements of panel aerials to be 
assembled to meet the requirements of a particular service 
area without incurring high costs. 



* Originally developed by A. Brown. 
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Fig. 9 - Reflection coefficient of 3 dB directional coupler 
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Fig. 1 1 - Directivity of 3 dB directional coupler 



7. References 

1. UHF relay stations: vertically-polarized printed panel 
aerial. BBC Research Department Report No. 1970/17. 

2. UHF relay stations: distribution transformers for use 
with the standard horizontally-polarised RBL aerial. 
BBC Research Department Report No. 1972/16. 

3. DUKES, J.M.C. 1957. The application of printed- 
circuit techniques to the design of microwave com- 
ponents. Proc. Instn elect. Engrs., 1958, 105B, 20, 
pp. 155- 172. 

4. Optimum parameters for a r.f. power-splitting network. 
BBC Research Department Report No. 1971/20. 



SMW/JUC 



Printed by BBC Research Department, Kingswood Warren, Tadworth, Surrey 



